ECONOMISTS and other analysts seek to measure expectations of future interest rates because such expectations have important effects on economic behavior, Changes in expectations can lead to changes in economic activity, both at the level of the individual firm or consumer, and at the level of the national economy. For example, interest rate expectations enter into investment decisions of firms, porffolio decisions of financial intermediaries and other investors, and borrowing decisions of state and local governments. If these groups alter their expectations of the future level of interest rates, changes in investment, portfolio, and borrowing decisions will occur which affect not only each group individually, but which also affect the level of economic activity in the economy as a whole. Consequently, policymakers and researchers have been interested in measuring market expectations of interest ratesfirst, to understand the behavior of economic units in individual markets, and second, to monitor changes in expectations which result from policy actions, in order to judge the impact which the policy may have on the economy.
For example, consider the discussion surrounding the recently aborted Federal income tax rebate. The argument for such a policy was that it would stimulate consumer spending, and thus stimulate aggregate output and employment. However, there was considerable concern that the policy would cause an upward revision of short-term interest rate expectations if there were general agreement that the Treasurv would have to increase its borrowing substantially during the second half of 1977 to finance the increased deficit. Under such circumstances, much, if not all, of the alleged stimulus that would be provided by the tax rebate could be offset by the negative impact of higher interest rate expectations on firms' decisions to invest in real capital. Such a negative effect arises because the higher the expected level of future interest rates, the less profitable the income stream associated with each particular investment project. The examination of such effects of policỹ The authors gratefully acknowledge the assistance of Ms.
Jeanne Rickey and the Statistical Department of the Chicago Mercantile Exchange for providing data used iu this paper. actions would he made much easier if market expectations of future interest rates were readily observable.
A considerable amount of economic research has been devoted to formulating measures of market expectations of interest rates, since data on expectations are not directly observable unless survey methods are used. Efforts at measurement have taken the form of everything from "informed judgement" to elaborate econometric models. Another means of obtaining an estimate of the level of short-tenn interest rates expected to prevail at some future date has become available since early 1976. This method employs the yield quotations of the futures market in U.S. Treasury bills. These quotations, which are available on a daily basis, embody market expectations of future short-term interest rates. This paper focuses on the information about market expectations which can be obtained from yields on Treasury bill futures contracts.
THE ROLE OF THE TREASURY BILL FUTURES MARKET
The futures market in three-month U.S. Treasury bills was opened on the International Monetary Market of the Chicago Mercantile Exchange in January 1976, soon after the opening of a mortgage futures market on the Chicago Board of Trade in October 1975.' Both of these futures markets in financial instruments operate in essentially the same way as the traditional commodity futures markets. Futures trading in financial instruments allows the separation of the risk of unexpected interest rate movements from other types of risk. Futures contracts can he used to hedge against interest rate movements in order to protect actual or expected cash positions of market participants. Profits are thereby protected in much the same way as hedging in commodity futures markets protects against price fluctuations of a particular commodity. Speculation is facilitated by the existence of futures markets, which allow the assumption of 'For details on the Treasury bill futures market, see the accompanying section: "Characteristics of the Treasury Bill Futures Market." Ilni-tet'iewec-k 'lrcascn-'-bills to hc dr'Ii~e-red in \l:uth on a l'reasor~bill. ii lu-hI to maturik. is tIc,' dill -rc'rtc-P I 978 at .111 agreed rc~eume pi iii'. ii livId Ice delnt~' '~ll('tss,I'e,, the ;sLlreliase p1 icc ,,r,cl lit' luO-e diii lii lutures (-ol,tra( t is settled In, the loisinr's dun foilosv-pit-c'). Pikes in thc-['reason bill lottites iiiucikt't Ire iug tie,' last day of tm-ailing in the delis en-iiiorit}l. 1 itcicited in tc'r is of the I \IM Iutc-i national \lcenetar> Futures trading it rnnnates no the second lnlsiimess 1 iv Market; lodes. si ho Ii rt presents the diltei-erit-r let-folhmiwneg tF,' ireasun auction ol thrrc'-monil, bilk '~wee:i the 'I,'e-as,mm bill '. ic'ld cli~-loo,t-ore an -ciliclial tie third wet-k el the delis en. nnenth. I-or c-sample, basis and PR) lair '. ahri' 'Cr~I commodity at a future date provide market participants with information as to the expected pattern of future spot prices of this commodity. This is because information relating to the future state of the market for a particular commodity is utilized by market participants when determining the price at which they are willing to buy or sell futures contracts, If a trader projects that a commodity's price will be different in the future than at the present time, he will buy or sell contracts for delivery of the commodity at some future date as if his projection were correct. Any trader who has better information about future spot prices than other market participants (or feels that he does) can attempt to make profits by trading on this information, with the result that such information is quickly incorporated into the prices of futures contracts. Thus, the interaction of all traders in the futures market provides price quotations which embody the market's expectations of the future spot prices that will prevail on various delivery dates.
Characteristics

Futures Markets, Information, and Market Expectations
In the case of the futures market in Treasury bills, the yields on futures contracts indicate the pattern of interest rates expected by market participants to prevail in certain months in the future, given currently available information. Any expectation of future interest rates, however arrived at, utilizes information about the current and expected values of variables that are thought to influence the behavior of interest rates. Such variables include measures of the current and future state of the economy, the supply and demand for credit, and the course of monetary and fiscal policy. The futures market in Treasury bills serves the role of a processor of this information. As new information about the course of key factors influencing interest rates becomes available, it is rapidly reflected in futures market prices.'
The expected interest rate for any date in the future which is embodied in the yield on current futures contracts is not necessarily the interest rate that will prevail at that future date, Market participants in the futures market do not have a crystal ball that foretells the future perfectly. Their decisions to buy or sell contracts are based on the information available at the present time. As new information becomes available, market participants may vemy well revise their expectations. The effect of new informationsuch as a change in the announced monetary targets, new budget projections, revised projections of the strength of economic activity, new pricing policies by OPEC, and so on is reflected in changes in the prices of (and yields on) futures contracts.
Consequently, changes in market expectations can be identified by shifts in the pattern of yields on futures contracts (futures rates). Sharp declines or increases in futures rates can be identified as changes in the expected level of future interest rates, Thus, a comparison of the quotations on futures contracts at two different points in time provides information on whether 4 This discussion does not imply that the Treasury bill futures market satisfies the "efficient market" hypothesis. In an "efficient market", all available information is utilized immediately by traders (and potential traders ), new ioformation is ax-auable to everyone at the same time, and new infonnation is immediately incorporated into market prices and yields. The discussion in the paper implies only that some of the available infor atioo is utilized by traders (or potential traders)and that nesv intonnatiou which is utilized is quickly reflected in futures prices. This allows for information costs and imperfect information among market participants. For a general discussion of the "efficient market" model, see market expectations have changed with regard to the future level of short-term rates. One implication of this is that it may be possible to assess the effect of a change in monetary or fiscal policy on market expectations of future short-term interest rates,
Futures Rates and Expected Spot Rates
One way of looking at the price and yield quotations on Treasury bill futures contracts in Table I is to interpret the yields on each futures contract as a market estimate of the three-month Treasury bill rate that is currently expected to prevail in each delivery month. Thus, the market's expectation on March 14, 1977 , svas that the three-mnonth bill rate would be 5,23 percent in June of this year, and would increase another 126 basis points by December to 6.49 percent. In comparison, the three-month bill rate on March 14, 1977, for currently traded three-month bills, was about 4.57 percent.
However, such use of the Treasury bill futures rates is subject to some reservations. The main question is whether the futures rates are unbiased estimates of the market's expectations of future interest rates. According to the "nornial backwardation" argument of Keynes and I-licks, futures prices are downward-biased estimates of expected future spot prices.
5 This implies that even if future spot prices are expected to remain the same as the current spot price, the futures price will be below the expected spot price by an amount equal to a risk premium. This premium is considered to he a return to speculators for assuming the risk of possible future price fluctuations, and is larger for delivery dates which extend further into the future, This implies, in turn, that the price of the futures contract will tend to rise (the yield will fall) as the delivery date approaches, provided there is no change in market expectations,
In terms of futures markets in Treasury bills, the theory of "normal backwardation" implies that yields on futures contracts are upward-biased estimates of expected future interest rates (since prices and yields of securities are inversely related). Accordingly, the interest rate on three-month Treasury bills expected to prevail as of some future delivery date is less than the yield quoted on the futures contract for that delivery date.°In addition, if yields on futures contracts are higher for later delivery dates than for earlier delivery dates, it is not certain that the expected future spot rate is higher for the later delivery dates than for the earlier delivery dates. This is because a larger risk premium is included in the yield associated with the later delivery dates. Only if the difference between the yields for an earlier and later delivery date exceed the difference between their risk premia can one conclude that the expected future spot rate is higher for the later delivery date.
One implication of this line of reasoning is that gradual declines in futures rates cannot necessarily be identified as declines in market expectations of future spot rates, since the yields on futures contracts tend to fall as the delivery date approaches. However, sharp declines indicate a change in expectations, as do increases in futures rates, provided the risk premia are constant or change very little (which is generally assumed by the theory).
If these risk premia could be easily estimated, market expectations of future interest rates could be estimated from quotations on futures contracts. Unfortunately, this is not the case. In addition, other analysts dispute the "normal backwardation" argument and claim that futures prices are unbiased estimates of expected future spot prices.
7 The issues surround-ing this question of unbiasedness are not within the scope of this paper, but some observations on the matter can be made.
Even if futures rates are biased estimates of market expectations, the bias will not be very large, judging from the estimates of risk premia embodied in the yield curve.
8 Furthermore, the bias, if it exists, is expected by most theorists to be consistent over time, rather than being subject to large fluctuations. Consequently, even though futures rates may not be entirely accurate as point estimates of market expectations, it may be possible to make rough estimates of expected future interest rates. 
Trading Volume
Another issue bearing on the usefulness of the futures rates involves the amount of trading which occurs in each contract. Generally, it is thought that the larger the amount of trading in a security, the more representative the price and yield quotations -5 Since such premia in the Treasury bill futures market will be, at most, for three-month bills eighteen months in the future, the bias in the yields on futures contracts will not be very large. This is due to the fact that the premia, according to the liquidity preference theory, increase with term-to-maturity for such Treasury bills. TIms, the premia associated with three-month bills to be issued six months frosn today are expected to be smaller than the premia associated with threesnonth bills to be issued one year from today. Estimates of these presnia have generally been less than 50 basis points. will be of the market value of the securityY In the case of Treasury bill futures contracts, this suggests that contracts with low trading volume are not representative of the market value of these contracts, and, hence, are not representative of market expectations. However, the issue is more complicated than this.
As can be seen from Table II , trading in any particular futures contract is low when it is first traded, increases over time, but then is again low as its delivery date approaches. For example, trading in the futures contract for delivery in March 1977 can be examined by reading down the appropriate column in Table II . This issue was first traded in March 1976, and the average daily volume of trading was only 7.84 contracts. By November 1976, trading increased to over 345 contracts per day. But after January 1977, with less than two months to the delivery date, trading declined below 100 contracts per day.
As the delivery date approaches, trading volume generally declines because there is greater certainty as to what the spot rate will be on the delivery date. That is, traders tend to agree as to the future market value of three-month Treasury bills (their expectations become homogeneous) when the delivery date is near. Consequently, there is less risk of interest rate fluctuations to be hedged against and less likelihood that profits can be made from trading, so that less trading occurs. In this case, the futures rates do reflect the market valuation of the contracts, even though there is little trading.
However, a lack of trading may also he indicative of a case where market participants have ill-defined expectations of future interest rates and their expectations are so diffuse that traders' bid or asked prices are not matched up with each other. In this case, there is little trading because there is great uncertainty as to the range in which the future spot rate will fall. It is possible that this case applies to the futures rates associated with contracts for delivery in fifteen to eighteen months, such as the March 1978 contract which was first traded in September 1976 (Table II) .
On the other hand, when market participants have well-defined but heterogeneous expectations of future spot rates, trading activity is likely to be large. In this case, traders tend to agree as to the range in which the future spot rate will fall, but disagree as to the exact value. Market participants perceive that there is greater risk of interest rate fluctuations to be hedged against, and that profits can be made from trading. Bid and asked prices on contracts for the delivery date match up over a larger number of traders, and trading volume is larger. Therefore, the extent to which the yields on futures contracts for particular delivery dates accurately reflect the market value of these contracts, and market expectations of future interest rates, depends upon the distribution of the expectations of traders. It is not simply a matter of the amount of trading in each contract.
The volume of trading also reflects on the Treasury bill futures market as a whole. The volume of trading in futures contracts compares quite favorably with the volume of trading in the spot market for Treasury bills. The total volume of trading in the Treasury bill futures market was relatively light during the first two months of trading after its opening on January 6, 1976. But beginning in March 1976, trading increased substantially to an average daily volume of about 318 contracts (Table II) 
MARKET EXPECTATIONS OF SHORT-TERM INTEREST RATES SINCE JANUARY 1976
The pattern of yields on Treasury bill futures contracts since the initiation of trading on the International Monetary Market is shown on a daily basis in Chart I. Examining the snovement of these yields provides some insight into the adjustment of market expectations of future short-term interest rates to new information about the state of the economy and the future supply of and demand for credit. The chart shows that the yields on all of the futures contracts being traded during any particular time period follow the same pattern of movement to a remarkable degree.
During the first quarter of 1976, market expectations of the future level of the three-month Treasury bill rate increased as the economy experienced a 9.2 percent annual rate of growth in Real Cross National Product (GNP). With the economy growing at such a rapid pace, market participants apparently anticipated a continuation of this upswing in economic activity during the remainder of the year, although not at so fast a pace. This expected strength in economic activity was translated into anticipations of increased demands for short-term credit, with a cont sequent rise in interest rates. During March 1976, the yield on the September 1976 futures contract was generally above 8.50 percent, while the currently traded three-month Treasury bill yielded about 5 percent.
The yields on futures contracts declined during April 1976, but by May yields had returned to roughly the same levels as were recorded in March (Chart I). During most of April 1976, newly available data indicated moderating pressures on the credit market and expectations of future levels of interest rates were revised downward. For example, the yields on the September 1976 futures contract during April were close to 6 percent, down from about 8.5 percent in March. Data on the money stock (Ml) that became available in the first half of April showed that the money stock had grown at a 2.9 percent rate over the first quarter of 1976, well below the FOMC's announced target ranges for Ml growth.'°Most market participants apparently did not anticipate any neartenn tightening in monetary policy actions, and viewed the gro\vth of money as being consistent with a continued gradual reduction of the longer-run inflationary impact of policy actions. The preliminary GNP data available in mid-April continued to show a slowing in inflation and a strong surge in real output growth. Business loan demand at commercial banks remained weak and Treasury financing requirements were running well below earlier estimates.
Beginning in late April 1976, however, there were several developments that acted to change market expectations. On April 22, market participants became aware that there had been a very sharp surge in Ml in early April (money stock data is reported with a one-week lag). Data available in May indicated that the money stock was rising very rapidly, expanding at nearly a 17 percent annual rate in April and then at a 5.7 percent rate in May. On May 3 it was announced that the FOMC had voted at its April meeting to lower the upper hand on the long-run growth of Ml from 7½to 7 percent.
11 The Federal
Reserve moved to a more restrictive policy, and this was made apparent to market participants by a steady rise in the Indicators of the strength of economic activity continued to decline during the last quarter of 1976, as did the rate of inflation, and market interest rates on all types of securities continued to decline. In the last half of November, market expectations of future interest rates declined sharply. After the surge in Ml growth during October, the money stock was little changed during November. But the Federal funds rate declined from about 5 percent in early November to about 4.75 percent in early December, which, in turn, was interpreted by market participants as indicating that the Federal Reserve had adopted a somewhat less restrictive policy. During November, yields on futures contracts fell 50 basis points or more. With pessimism about the "pause" in the economy mounting, yields on futures contracts for Treasury bills continued to fluctuate around these lower levels until the end of the year.
The increase in expected future interest rates in early January 1977 coincided with the new Administration's announcement of a stimulative fiscal package. At the same tUne, data on the economic indicators for November were revised upward and a strong showing of some of the indicators for December was reported. Furthermore, monetary actions were no longer moving toward a further reduction in the 12 Under the "normal backwardation" hypothesis, this gradual decline in futures rates may not reflect a gradual decline in market expectations of future spot rates. Instead, such a gradual decline over lime is consistent with constant market expectations of future spot rates, since if "normal backwardation" holds, futures mates tend to fall (futures prices rise as the contract delivery date approaches.
Federal funds rate, contrary to the initial expectations of many market analysts. As a result, yields on futures contracts increased to their levels of mid-October through early November.
From early January through March 1977, yields on futures contracts were relatively stable. During April, when the Administration's rebate program was cancelled and the energy program was announced, futures rates fluctuated sharply. As new information on the state of the economy and on future supplies and demands for credit becomes available to market participants, the expected future interest rates that are embodied in the yields on future contracts for U.S. Treasury bills will be revised, Movements in the levels of these yields will, therefore, provide a significant indicator of revisions of market expectations of future short-term interest rates.
SUMMARY AND CONCLUSIONS
The Treasury bill futures market provides a means for hedging against interest-rate risk. Speculators are allowed the opportunity of making profits in this market in return for bearing the risk of future interest rate fluctuations. In addition, futures markets provide information about the expected future pattern of prices. In doing so, indications of changes in market expectations of future short-term interest rates can be obtained. Although exact estimates of the expected level of future spot rates may not be obtainable from futures rates without adjusting for a risk premium, an approximation of the level is possible.
If it can be shown that futures rates are unbiased estimates of expected future interest rates, the data from the Treasury bill futures market could be very useful in a number of ways. Policymakers would be able to readily assess the effects of policy changes on market expectations of future interest rates. Economists and other researchers would have observable values for market expectations of interest rates, instead of having to use proxy variables for such expected rates. Analyses of the portfolio behavior of financial intermediaries, investment decisions of firms, and the term structure of interest rates are among the many areas of research which would be aided by the use of such data. In addition, analysts who forecast interest rates would be able to compare their estimates of future interest rates against the market's expectations. Since market expectations of interest rates are an important factor in many economic relationships, the information on expectations contained in the Treasury bill futures market will be of increasing interest to businessmen, financial managers, policymakers, and other economic analysts.
